ABSTRACT.-Call-broadcast surveys are frequently used to elicit responses of secretive marsh birds and produce greater detection rates than passive surveys. However, little is known about how detection rates of birds from these surveys differ by season and time of day. We conducted call-broadcast surveys for eight focal species at 56 wetlands throughout Iowa from 15 May-13 June 2010 (early season) and from 15 June-10 July 2010 (late season). Our focal species were Piedbilled Grebe (Podilymbus podiceps), American Bittern (Botaurus lentiginosus), Least Bittern (Ixobrychus exilis), King Rail (Rallus elegans), Virginia Rail (Rallus limicola), Sora (Porzana carolina), Common Gallinule (Gallinula chloropus), and American Coot (Fulica americana). Surveys were conducted in the early morning (30 mins before sunrise to 3 hrs after sunrise) and late evening (3 hrs before sunset to 30 mins after sunset) in accordance with the North American Marsh Bird Monitoring Protocol. We evaluated marsh bird detection rates as a function of a) time of day (morning and evening survey periods), b) season (early and late in the breeding season), and c) wetland size for four species with the greatest detection rates (Pied-billed Grebe, Least Bittern, Virginia Rail, and Sora). We also evaluated the above effects for two species groups; all eight species pooled and all rails pooled. We found significant (P , 0.05) effects on the number of detections for Piedbilled Grebe in response to time of day, time of season, and wetland size; Sora, Virginia Rail, all rails, and all species had an effect of time of season only. Understanding seasonal and time-of-day differences in detection rates, as well as area dependence of secretive marsh birds, will refine existing monitoring protocols by allowing researchers to maximize detection probabilities of target species.
Secretive marsh birds (e.g., bitterns and rails) are some of the most inconspicuous birds in North America. These birds are difficult to monitor using conventional survey techniques, because they vocalize infrequently and tend to occupy habitats that are densely covered with emergent vegetation (Lor and Malecki 2002) . In addition, their crepuscular habits require sampling to occur in the early-morning and late-evening hours. The North American Marsh Bird Monitoring Protocol (Conway 2007 (Conway , 2011 was established to aid researchers in the development of standardized surveys to effectively monitor these secretive marsh birds. Call-broadcast surveys have been implemented in several studies to elicit responses from marsh birds (Johnson and Dinsmore 1986 , Manci and Rusch 1988 , Gibbs and Melvin 1993 , Lor and Malecki 2002 and produce higher detection rates when compared to passive surveys (Gibbs and Melvin 1993 , Erwin et al. 2002 , Allen et al. 2004 , Conway and Gibbs 2005 , DesRochers et al. 2008 . However, the effectiveness of callbroadcast surveys can vary temporally (Conway and Gibbs 2001 , Rehm and Baldassarre 2007 , Nadeau et al. 2008 and by species (Manci and Rusch 1988 , Gibbs and Melvin 1993 , Lor and Malecki 2002 , Soehren et al. 2009 ). There is a need for additional information on seasonal variation in detection rates and whether detections vary between morning and evening. This information can aid in planning survey efforts to maximize detection probability of the target species.
The North American Marsh Bird Monitoring Protocol (Conway 2007 (Conway , 2011 instructs researchers to conduct call-broadcast surveys in the morning or evening depending on when birds are most vocal in the study area. A single study found that vocalization probabilities of marsh birds are greater during morning surveys (Nadeau et al. 2008) ; other studies have shown that such probabilities are greater during evening surveys Dinsmore 1986, Conway et al. 2004) . Environmental factors such as temperature, wind speed, and cloud cover may vary with time of day, potentially affecting the vocalization frequency of marsh birds (Nadeau et al. 2008) . Vocalization frequencies may vary with time of day at both the individual or species level because of behavioral variation of individual birds, differences in species-specific preferences in timing of calling, and individual breeding status (Conway et al. 1993, Palmeirim and Rabaça 1994) . To date, no research has been done to determine the best time of day for surveying marsh birds in the midwestern United States.
Another goal of call-broadcast surveys for marsh birds is to minimize temporal variation in detection probability Gibbs 2001, 2005) . In other words, surveys should be conducted during periods of peak detection probabilities with little variation during the survey season. The national monitoring protocol states that optimal timing of surveys should overlap with the breeding seasons of focal marsh bird species in the study area and suggests that surveys be conducted during a 45-day window that varies regionally based on average minimum temperatures in May (Conway 2007 (Conway , 2011 . However, research has found that these survey windows may not be long enough to include peak detection periods for all focal species (Rehm and Baldassarre 2007) . In Iowa, for example, American Bitterns (Botaurus lentiginosus) and Soras (Porzana carolina) arrive and initiate breeding in midto late April (Kent and Dinsmore 1996) , whereas Least Bitterns (Ixobrychus exilis) arrive in midMay and initiate breeding in late May or early June (Weller 1961) . Therefore, the suggested survey window for Iowa (15 Apr-30 May) may not include peak detection periods for all species of marsh birds, especially late breeders like Least Bitterns. An adjustment of survey timing at the regional level may be necessary to account for seasonal differences in detection of target species.
Our objective was to examine the effects of: (1) time of day, (2) time of season, and (3) wetland size on the detection rates of secretive marsh birds in Iowa. This information will help refine survey timing for secretive marsh birds in the midwestern United States.
METHODS
Study Area.-We surveyed marsh birds at wetlands in the Des Moines Lobe of north-central and northwestern Iowa (Prior 1991; Fig. 1) . We used the National Wetlands Inventory (NWI; U.S. Fish and Wildlife Service 2009) to select our sites. We considered both natural and constructed wetlands from the Aquatic Bed (AB), Emergent (EM), and Unconsolidated Bottom (UB) classes of the Palustrine system (Wilen and Bates 1995) . Wetlands within these classes fit one or more of the following general habitat criteria required by our target species: (1) shallow water (,1 m deep), (2) closed basins (no inflow or outflow), (3) surrounded by few or no trees, and/or (4) the presence of emergent vegetation. Most wetlands were permanent or semi-permanent, although some temporary or seasonal wetlands were also selected (Stewart and Kantrud 1971) . Most wetlands contained a mix of emergent vegetation that included cattail (Typha spp.), sedge (Carex spp.), river bulrush (Scirpus fluviatilis), soft-stem bulrush (Schoenoplectus tabernaemontani), or reed canary grass (Phalaris arundinacea). Water depths ranged from 0-115 cm at survey points within wetlands.
Site Selection and Surveys.-Using Hawth's Analysis Tools for ArcGIS (Beyer 2004) , we randomly selected wetlands from the NWI database. To facilitate access for surveys, we selected only wetlands that were on public lands. We stratified wetlands into six size classes based on area (#5 ha, .5-10 ha, .10-20 ha, .20-30 ha, .30-40 ha, and .40 ha) to facilitate an equal representation of wetlands of different sizes and ensure that potential area-dependent species were sampled. We randomly selected 10 wetlands from each size class (Brown and Dinsmore 1986) , with the exception of the 30-40 ha size class where only six wetlands were selected because of the small number (n 5 11) of wetlands within that size class. We randomly assigned a fixed number of survey points 400 m apart to wetlands within each size class to allow for maximum coverage of each wetland and to minimize double-counting birds (Conway 2007 (Conway , 2011 . We assigned one point to both the ,5 ha and .5-10 ha size classes, two points to the .10-20 ha size class, three points to the .20-30 ha size class, four Harms and Dinsmore N MARSH BIRD DETECTIONS points to the .30-40 ha size class, and five points to the .40 ha size class.
We conducted unlimited-radius point counts with call-broadcast surveys from 15 May-10 July 2010. We conducted surveys for eight focal species of marsh birds in accordance with the North American Marsh Bird Monitoring Protocol (Conway 2007 (Conway , 2011 . The eight focal species included Pied-billed Grebe (Podilymbus podiceps), American Bittern, Least Bittern, King Rail (Rallus elegans), Virginia Rail (Rallus limicola), Sora, Common Gallinule (Gallinula chloropus), and American Coot (Fulica americana). Using an MP3 player (SanDisk Sansa Clip 1 GB, SanDisk Corporation, Milpitas, CA, USA) attached to a pair of amplified speakers (Panasonic Model RPSPT70, Panasonic Corporation, Secaucus, NJ, USA), we broadcast the call sequence at 90 dB 1 m from the source (Conway 2007 (Conway , 2011 . We placed the speakers 0.5 m from the substrate (ground or water surface) and pointed them towards the interior of the wetland. The callbroadcast sequence was obtained from the North American Marsh Bird Monitoring Program coordinator (Conway 2007 (Conway , 2011 ) and consisted of a 5-min passive listening period followed by 8 min of vocalizations. Each minute of the 8-min callbroadcast period corresponded to one species and consisted of 30 secs of vocalizations followed by 30 secs of silence. Vocalizations were ordered by species dominance (Least Bittern, Sora, Virginia Rail, King Rail, American Bittern, Common Gallinule, American Coot, Pied-billed Grebe) to minimize scaring birds prior to their respective sequence (Conway 2007 (Conway , 2011 . We recorded all visual and aural detections of all focal species at each survey point. Using a laser rangefinder, we measured the linear distance to each individual bird when it was first detected. We refrained from conducting surveys during periods of rain or when wind speeds exceeded 12 km/hr. Most survey points were accessed by foot, although we used a canoe to reach points on some larger wetlands.
To assess time-of-day differences in detection rates, we conducted paired surveys at each wetland during both morning (30 mins before sunrise to 3 hrs after sunrise) and evening (3 hrs before sunset to 30 mins after sunset) survey periods. We conducted surveys during consecutive survey periods (morning-evening or eveningmorning) to minimize any daily variation in detections of birds (Nadeau et al. 2008) , and the order in which we conducted morning and evening surveys was varied so that one survey was not always conducted prior to the other (Conway et al. 2004 (Conway 2007 (Conway , 2011 and the late season included the 1-month period after established survey windows during which we hypothesized birds were still vocal. This allowed us to compare the number of marsh bird detections between surveys conducted during the established survey windows and after the established survey windows. To standardize the time between surveys, we conducted late-season surveys about a month (within 3 days) after earlyseason surveys. We randomized the order in which points were surveyed at each visit to minimize variation in vocalization frequency of individual birds at survey points and minimize dependence among survey points.
Statistical Analyses.-Using generalized linear mixed-effects models (PROC GLIMMIX; SAS Institute 2002) we examined the effects of time of day (TIME OF DAY), time of season (TIME OF SEASON), and wetland size (WETSIZE) on the number of detections at each survey point. We included wetland size in our analyses because some marsh bird species are area-dependent and because wetland size could influence the number of detections at the wetland because of densitydependence effects Dinsmore 1986, 1988; Grover and Baldassarre 1995; Rehm and Baldassarre 2007; Harms and Dinsmore 2013) . Because our data were over-dispersed counts, we fit models using a Poisson-log normal probability distribution and a log (ln) link function (P. M. Dixon, pers. comm.). Also known as mixed Poisson regression models, these models assume that the conditional distribution of the response is Poisson distributed with a random mean, which is dependent on the normally-distributed random effects (Weems and Smith 2004) . We included a random effect on each individual visit to each wetland (WETLAND*TIME OF DAY*TIME OF SEASON) and random effects on wetland (WET-LAND), survey point (POINT), the interaction of wetland and time of day (WETLAND*TIME OF DAY), and the interaction of wetland and time of season (WETLAND*TIME OF SEASON) to further account for variation in the model. Models rarely considered more than two of the random effects as having a significant contribution to variance in the data. We considered effects significant at P # 0.05. For those models that yielded a significant interaction between time of season and time of day, we conducted additional analyses to explore the interaction by splitting the dataset into early and late season detections and then evaluating the time-of-day effect on detections from each season.
As we were interested in determining the degree to which birds vocalize diurnally and seasonally, we used the total number of detections as our response variable. This means that we included all vocalizations in the analyses whether it was one bird vocalizing three times or three individual birds vocalizing once. Although this approach does not account for the number of birds at each survey point, we were careful not to double count birds at each survey point. This was a relatively easy task because only rarely were there .3 detections of a species at one point. We attempted to estimate mean patch abundance and detection probabilities using the model framework outlined by Royle and Nichols (2003) . However, our data did not work well with this model and we rarely obtained numerical convergence. We assumed that detection probability was increased in our study by the use of call-broadcast surveys Melvin 1993, Conway and Gibbs 2005) . We also assumed constant detection probability across survey sites, because sites contained similar habitat and because habitats were open with little vegetation to act as a barrier to bird detections. Time of day and time of season were categorical variables (1 or 2) corresponding to morning and evening survey periods and early and late in the survey season, respectively.
We modeled the number of detections versus fixed effects for four of our focal species. We chose these species to compare results between three breeding species (Pied-billed Grebe, Least Bittern, and Virginia Rail) and a migrant (Sora). Each fixed effect was modeled on the number of detections individually; we did not consider a full model that included all fixed effects on the number of detections. Because of the low number of detections (,10), we could not model the number of detections for American Bittern, King Rail, or Common Gallinule. We chose not to include American Coot, because many individuals were visually detected and their response to callbroadcasts was problematic. We also modeled the number of detections for all rails combined (King Rail, Virginia Rail, Sora, and Common Gallinule) and for all eight species pooled.
RESULTS
We surveyed a total of 56 wetlands (136 points) from both 15 May-14 June (early season) and 15 June-10 July (late season) 2010 (Fig. 1) . The number of detections was greater during the early season (n 5 379) than during the late season (n 5 217), and we had more detections during morning survey periods (n 5 306) than during evening survey periods (n 5 290; Table 1 ).
We found that for three species (Pied-billed Grebe, Virginia Rail, and Sora) and both species groups, birds were more vocal early in the survey season than late in the survey season (Table 2) . For Pied-billed Grebes and all species pooled, we found wetland size to have a significant positive effect on species detection rates, with detection rates of birds greater at larger wetlands than at smaller wetlands. However, the overall effect of wetland size on detection rates was small. We also found a significant effect of the interaction of time Table 3 ). We found no significant effects of time of day by season for any other species or species group, although these effects were poorly estimated (Table 3 ).
DISCUSSION
Our work has shown that marsh bird response rates vary seasonally, by time of day, and in response to wetland size, although these patterns were not consistent across species. This has important implications for designing future marsh bird surveys, especially with regard to survey windows for each species. Seasonal differences in detection rates have been observed for several species of marsh birds (Spear et al. 1999, Rehm and Baldassarre 2007) . These differences, however, can vary geographically (Rehm and Baldassarre 2007) . In this study, birds vocalized more frequently early in the survey season than late in the survey season. The explanation for this finding varies by species. Pied-billed Grebes and Virginia Rails are regular breeders in Iowa and their peak breeding seasons overlap with the early portion of the survey period. Virginia Rails frequently vocalize during the breeding season (Glahn 1974 , Conway 1995 , but are mostly silent during migration (Griese et al. 1980 , Kaufmann 1989 . Similarly, Pied-billed Grebes frequently vocalize during the breeding season when establishing territories and during courtship (Glover 1953, Muller and Storer 1999) , but vocalize less frequently outside of the breeding season depending on geographic location (Palmer 1962, Muller and Storer 1999) . We expected the distribution of detections of both Pied-billed Grebes and Virginia Rails to be non-linear. That is, birds vocalize frequently during the breeding season, infrequently when on the nest or with young and more often again later in the survey season at the potential start of a second nesting attempt. Gibbs and Melvin (1993) found that the probability of response for both Pied-billed Grebes and Virginia Rails peaked from 16-31 May, decreased from 1-30 June, and then increased again from 1-15 July. If a similar pattern occurs in Iowa, it could diminish our ability to find differences in the detection rate between early and late in the survey season. Detections for both Pied-billed Grebes and Virginia Rails peaked early in the survey season and decreased over time with no evidence of an increase late in the survey season. Soras commonly vocalize during migration (Kaufmann 1983 (Kaufmann , 1989 Johnson and Dinsmore 1986) and are common migrants throughout Iowa but only 13 (20.11, 0.37) infrequently breed in the northern half of the state (Melvin and Gibbs 1996) . This explains why the detection rate of Soras met our a priori expectations of strong seasonal variation in detection rates, with a peak early in the survey season and a steady decline thereafter.
Our data indicate that time of day alone did not affect the detection rate of most species of marsh birds. We were surprised by this result, because other studies have found that vocalization frequencies of marsh birds vary by time of day (Johnson and Dinsmore 1986 , Conway et al. 2004 , Nadeau et al. 2008 . Variation in vocalization frequency of marsh birds is often attributed to temperature (Spear et al. 1999 , Nadeau et al. 2008 , because higher temperatures during the evening survey period may decrease activity levels of birds (Robbins 1981) . We found a time-of-day effect on the number of detections for Pied-billed Grebes only, but this effect was significant only late in the survey season. As expected, the number of detections of Pied-billed Grebes was greater during the morning survey period than the evening survey period but only during late season. Gibbs and Melvin (1993) also observed that detection probabilities of Piedbilled Grebes were relatively high during morning surveys, although no previous studies have compared detection probabilities of Pied-billed Grebes between morning and evening survey periods. We attribute increased detections of Pied-billed Grebes during the morning survey period late in the season to weather conditions. Late in the survey season, temperatures ranged from 12.3-25.4 uC during morning survey periods and 19.4-33.0 uC during evening survey periods with a mean difference of 6.6 uC. This suggests that Pied-billed Grebes are most active and vocal during cooler times of the day (e.g., morning hours) late in the season because of generally warmer temperatures during this time of year. It is difficult to ascertain why higher evening temperatures affect the detection rate of Pied-billed Grebes and not that of other species. Pied-billed Grebes spend a majority of their time on open water, whereas bitterns and rails spend their time in dense, tall stands of emergent vegetation (TMH, pers. obs.) .
Perhaps Pied-billed Grebes are most active during cooler, morning hours because they are more exposed to direct sunlight. Rails and bitterns are protected from the sun by tall vegetation, and therefore can remain active during the warmer hours of the day. In addition to our findings for Pied-billed Grebes, we found a significant effect of the interaction of time of season and time of day for Virginia Rails, Soras, all rails, and all species pooled, although when modeled separately, the effect of time of day by season for these species and species groups was not significant. Our results illustrate that time of season alone affected detection rates for all species except Least Bittern and both species groups. Therefore, time of season is driving the significance of the interaction and not time of day. Examination of these effects showed that detection rates were higher in the morning during both seasons for Soras, were higher in the evening during early season and in the morning during late season for all rails and all species, and higher in evening during both seasons for Virginia Rails. We conclude that the non-significance of these effects is a result of poor estimation of the time-of-day effects. However, they still demonstrate that most birds are more vocal in the morning late in the season, probably to avoid warmer temperatures (Spear et al. 1999 , Nadeau et al. 2008 . In contrast, Virginia Rails are more vocal in the evening both early and late in the season. Virginia Rails are often most vocal during a 3-hr period surrounding both dawn and dusk, and will also vocalize throughout the night during the peak of the breeding season (Conway 1995) . This result coincides with that of Johnson and Dinsmore (1986) who found that night counts produced greater response rates for Virginia Rails during the breeding season.
We did not find effects of time of season or time of day on the detection rate for Least Bitterns. Least Bitterns vocalize infrequently (Bogner and Baldassarre 2002b) , and it is debatable whether call-broadcast surveys are effective at increasing detection probabilities of these birds. Some studies have shown that callbroadcasts are effective at eliciting responses of Least Bitterns (Swift et al. 1988 , Gibbs and Melvin 1993 , Bogner and Baldassarre 2002b , whereas other studies have shown call-broadcasts to be ineffective (Manci and Rusch 1988, Tozer et al. 2007 ). Although we did not address the effectiveness of call-broadcasts at increasing detections of Least Bitterns in this study, the number of detections (n 5 80) was relatively low compared to other species. In addition, Bogner and Baldassarre (2002b) suggested that callbroadcast sequences consist of .1 min of calls by Least Bitterns to effectively stimulate the bitterns to respond. Our call sequence contained 30 secs of calls by Least Bitterns. The unknown effectiveness of call-broadcast surveys and our small sample size could explain why we did not find any seasonal or time-of-day effects on the number of detections of Least Bitterns.
Wetland size significantly affected our detection rates of Pied-billed Grebes and all species pooled, indicating that detection rates were greater at larger wetlands than at small wetlands. We suspect this may be a result of density-dependent effects for at least some species, with larger wetlands perhaps having more individuals and territorial interactions that led to increased vocalization rates and greater detection probability. Studies have found that some species of marsh birds, including Pied-billed Grebes Dinsmore 1986, Osnas 2003) and Least Bitterns (Brown and Dinsmore 1986 , Moore et al. 2009 , Harms and Dinsmore 2013 , are area-dependent, while other species such as Virginia Rails and Soras are area-independent (Brown and Dinsmore 1986) . Larger wetlands provide desired habitat characteristics for some species (e.g., deeper water for Pied-billed Grebes), support greater densities of breeding pairs (Bogner and Baldassarre 2002a) , and foster increased species diversity (Brown and Dinsmore 1986 , Fairbairn and Dinsmore 2001 , Craig 2008 ). Because we surveyed an equal number of wetlands within each size class and surveyed all wetlands during both times of day and both seasons, we do not expect wetland size to compound effects of time of day or time of season. Larger wetlands likely harbor more birds, thus increasing the detection rates of different species.
The North American Marsh Bird Monitoring Protocol (Conway 2007 (Conway , 2011 suggests a survey window of 15 April-30 May for Iowa based on average minimum temperatures in May. We extended our survey season to 10 July to determine if there was a justification for extending the survey window for Iowa. As a result, we detected nearly half of the total number of birds (n 5 296) after 30 May, illustrating that the survey window for Iowa can be extended to increase detections of target species. Rehm and Baldassarre (2007) found similar results in their study based in New York and also suggested that the survey window be extended to incorporate peak detection periods for all species.
Interspecific seasonal variation of peak detection periods should be considered when conducting call-broadcast surveys, especially when surveying for both breeding species and migrants. If time is a limiting factor, surveys should be conducted early in the survey season, because this is when marsh birds are most vocal and detections of target species can be increased. However, caution should be used as undersampling of some species may still occur. Surveys for Pied-billed Grebes should also be limited to the morning survey period. In Iowa, we suggest extending the survey window past that recommended by the North American Marsh Bird Monitoring Protocol to increase the number of detections of marsh birds. Minimally, this period should be extended to 15 June, although the exact date will depend on the species being surveyed, average temperatures that affect arrival times and breeding phenology of birds, and the time available for conducting surveys.
